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The present study compared the histologic changes occur-
ring 15 min after copper vapor laser (CVL; operating at 
578 nm) and argon laser (488/514 nm) treatment of port-
wine stains (PWS) over a range of energy densities (8 - 32 
] / cm2) with corresponding pulse widths of 50 - 200 ms. Fro-
zen tissue sections were stained with nitroblue tetrazolium 
chloride (NBTC). This histochemical method permits an 
accurate color differentiation between blue-stained viable 
and unstained thermally damaged cells. At 8, 10, and 12 
J/cm2 the argon-laser injury was confined to epidermal cell 
layers; none to superficial dermal effects were found. 
Fluences of at least 15 J/cm2 produced a diffuse NBTC-ne-
gative coagulation necrosis. Exposure of PWS skin to 8 - 12 
J/cm2 at 578 nm did not alter the integrity of epidermal cells. 
In the dermis, damage was confined to blood vessels and 
surrounding collagen, showing a clear demarcation from ad-
jacent viable structures. The maximum penetration depth 
achieved with these vessel selective energy densities was 
0.44 mm. At 15 J/cm2, besides vascular injury, damage to the 
basal cell layer also occurred. At fluences of 17 -20 J/cm2 a 
diffuse necrosis similar to that induced by the argon laser was 
found. Vessel selectivity of the 578 nm wave band was 
achieved with pulse widths from 50 - 74 ms, exceeding the 
estimated "ideal" exposure time (0.1-10.0 ms) for a vascular 
selective laser effect. The NBTC method allowed identifica-
tion of subtle laser-induced tissue changes providing accurate 
quantitative data relating to the extent of vascular injury· ] 
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O pti.mallaser coagulation of cutaneous vascular mal-formations relies upon selective absorption of the wavelength by oxyhemoglobin (Hb02 ), the target chromophore. Absorption by competing epidermal melanin, which results in epidermal damage, 
should be minimal. The heat created should be high enough to 
damage the vessel wall with minimal conduction to surrounding 
collagen and other dermal structures. The benefit of argon-laser 
radiation (488/514 nm) of port-wine stains (PWS) has been exten-
sively documented [1 - 4]. However, nonspecific coagulation ne-
crosis with the risk of skin-texture changes and scarring has been 
associated with this laser [5 - 7]. With lasers emitting yellow light 
around 577 nm, vessel-specific injury could be substantially in-
creased [8 - 10]. Based on the optical properties of human skin two 
reasons exist for the preferred use of yellow light: a) the 577-nm 
wavelength matches one of the three absorption peaks ofHb02 and 
b) there is considerably less absorption of 577 nm in epidermal 
melanin as opposed to the 488/514 nm of the argon laser. This 
ensues in specific damage of ectatic blood vessels rather than diffuse 
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Abbreviations: 
CVL: copper vapor laser 
cw: continuous wave 
CWDL: continuous wave dye laser 
NADH: nicotinamide adenine dinucleotide 
NBTC: nitroblue tetrazolium chloride 
PDL: pulsed dye laser 
PWS: port-wine stain 
coagulation necrosis throughout the epidermis and dermis [11,12]. 
Yellow light can be produced by pulsed dye lasers (PO L) and contm-
uous wave dye lasers (CWOL), as well as by copper vapor las~y 
(CVL). Recently the 578 nm of the CVL have been applied Wit 1 
encouraging results in the treatment ofpWS [13 - 15]. In contrast to 
the POL and CWOL, where the light is emitted as a single hlgh-
energy pulse and a continuous wave, respectively, the light of the) 
CVL is produced as a rapid train of extreme short pulses (15 - 50 ns 
of low energy (about 0.2 mJ) and a repetition rate of approximately 
10-15 kHz (10,000 to 15,000 pulses/second). f 
In this study we compared the immediate histologic effects f 
CVL and argon laser in PWS over a range of fluences by means 0 3 
histochemical method. Here the reduction of nitroblue tetrazol!uJ1l 
chloride (NBTC), a redox indicator, by the cell-bound enzyme 
nicotinamide adenine dinucleotide diaphorase (NAOH_diaphorase) 
is used, which leads on frozen tissue sections to an intensive blue 
granular precipitate (diformazan granules) at the sites of NADI-l-
diaphorase activity [16-18]. This enzyme activity has been showil 
to subside immediately upon cell death [1 9,20]. Thus viable (bl~e 
stained) and thermally damaged (unstained) cells can be clearly diS' 
tinguished from each other. 
MATERIALS AND METHODS 
Twelve consenting Caucasian patients (age 21 to 56 years) with 
mature PWS were treated with an argon laser and a copper vapor 
laser. PWS skin was exposed to a range of identical energy denSIties 
with both laser systems. I 
For the study a Hexascan (Pre in and Partners, Saint-Miche d 
France) was used . This is a microprocessor-controlled robotlZh scanning handpiece that is connected via a control module to t e 
fiber-optic delivery system of the laser. The automated progr~~ 
places pulses oflaser energy at 50-ms intervals in a precise, nonad6
3
_ 
cent pattern to allow dissipation of undesired thermal energy e 
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Table I. Degree of Epidermal and Dermal Damage in Port Wine Stains 15 Min After Copper Vapor Laser (CVL; 578 nm) and 
Argon Laser (AL; 488/514 nm) Treatment Defined by Histochemical Evaluation of Cell Viability 
Epidermal 
Dermal Damage 
Pulse Width Energy Density 
Damage 
Energy Output 
_ (ms) (W) (J/cm2) CVL 
50 1.3 8.0 
62 1.3 10.0 
74 1.3 12.0 
94 1.3 15.0 + 
120 1.3 20.0 +++ 
200 1.3 32.0 +++ 
Vascular 
AL CVL 
+ ++ 
+ +++ 
++ +++ 
+++ +++ 
+++ +++ 
+++ +++ 
AL 
++ 
+++ 
+++ 
+++ 
Non-Vascular 
CVL 
+ 
+++ 
+++ 
AL 
++ 
+++ 
+++ 
+++ 
• -, only viable cells, no signs of cell necrosis, +, only changes in cell morphology, rare cells with weaker NBTC stain; ++, marked number of devitalized cells, diffuse changes in 
cell morphology; +++, diffuse coagulation necrosis with devitalized unstained cells throughout. 
tween pulses [21,22). The 1.0-mm spots are assembled in hexagons 
of 13-mm diameter with a total amount of 127 points. The desired 
energy fluences were selected on the control panel of the Hexascan. ~y appropriate adjustment, energy densities of8, 10, 12, 15,20, and 
22 J/cm2 corresponded to exposure times of 50, 62, 74, 94,120, and 
00 ms, respectively (Table I). 
~opper Vapor Laser (CVL) A CVL (PBI Export A/S, 
I tngsted, Denmark) was used. This laser produces two wave-
engths, which can be emitted separately or together: green 511 nm 
:d yellow 578 nm. The green wavelength is adjustable to a 3.0 W 
aXlmum, the yellow wavelength to a 1.3 W maximum. The cop-
l~r laser works in a pulsed mode, producing a train of pulses, each of 
ns Width. However, because approximately 10,000 pulses/se-
cOnd (10 kHz ± 1 kHz) are emitted the laser operates "quasi" co . , 
tttnuous wave (cw). For treatment the exposure duration can be 
s~ ected from 20 ms to cwo The light is delivered to the skin surface 
Via a 1.0-mm diameter quartz optical fiber. For the purposes of this 
Study the yellow wavelength (578 nm) was used with the maxi-
·mum f energy output 0 1.3 W. 
~;on Laser The dermatologic argon laser typ~ Cohere~t 920 
Ii h herent Medical Group, Palo Alto, CA) used emitted contmuous 
b g tat 488/514 nm. With settings of 1.3 W power and 1.0 mm 
Ce~m diameter the same sequence of energy densities as with the 
L Was produced. 
lIistochernical Procedures Four-millimeter punch biopsy spec-
Imens from exposed sites were obtained 15 min after laser treat-
men~. All biopsies were performed under local anesthesia using 2% mep~va~ain-hydrochloride. The biopsy specimens were snap-fro-
Zen tn I 'd . A .lqUi l1Itrogen and stored at -75 0 C : . 
h SUitable incubation medium for determination ofNADH-dla-~o~rase activity [19,20,23,24) was prepared under' ae~obic cOh.di-
i s at room temperature immediately before processmg, conslst-(~~ of 1.0 ml reduced nicotinamide adenine dinucleotide (NAD~) 
tr I~fa, F.R.G., art. 6879), 2.5 mg/ml distilled water; 2.5 mlm-
2 ~ Ue tetrazolium chloride (NBTC) (Sigma, F.R.G., art. 6876), 
(Pli mg/ml distilled water; 1.0 ml phosphate-buffered saline (PBS) 
AliA) 2.0 mg/ml; and 0.5 ml Ringer's solution. 
of biOpsy specimens were sectioned at multiple levels by means 
fix:drotary cryocut microtome. Eight-micrometer cryostat-cut ~n­
ity hsectJons were mounted upon glass slides and placed in a hUIn:1d-
andc. amber. Each slide was covered with 50-100-,u1 test solution 
tu IUcubated for 15 min under aerobic conditions at room tempera-
m reo After washing all sections with distilled water they were 
F.~U~ted in an aqueous medium, Kaiser's glycerine gelatine (Merck, 
. ., art. 9242), and covered with a glass coverslip. 
RESULTS 
'W. h' 
tur
lt 
tn the incubation period macroscopically visible blue struc-
~s appeared on all sections. 
cell y means of light microscopy all viable epidermal and dermal 
s presented a blue stain with fine cytoplasmic pigment granules, 
sparing the nuclei; the horny layer and the dermal tissue stroma 
remained unstained; and the normal structure of the epidermis was 
delineated excellently (Figs 1 and 2). 
Argon Laser With energy densities of 8-12 J/cm2 the central 
effect was epidermal injury. At 8 J/cm2 there was evidence of mor-
phologic changes of basal cells with elongation and spindling and a 
disarray of cell formation. These involved cells presented with a 
weaker stain than surrounding uninvolved cells (Fig 3). At 10 J/cm2 
about 50% of epithelial cells showed loss of viability. At 12 J/cm2 
the majority of epidermal cells was NBTC negative, indicating cell 
death. In contrast, the dermal effect was minimal with a maximal 
superficial coagulation depth of 0.2 mm (Fig 4). Energy densities of 
at least 15 J/cm2 produced a diffuse arc-shaped, sharply demarcated 
coagulation necrosis involving all epidermal and dermal structures 
with subepidermal blistering (Fig 5) . The border between necrotic 
and viable tissue was sharp and ran straight through all structures 
located along this border. The threshold fluences for clinical whit-
ening ranged from 10 to 15 J/cm2 (Table II). 
Figure 1. Histochemical demonstration of epidermal NADH-diaphorase 
activity. Intense blue diformazan granules in cytoplasm of epithelial and 
connective tissue cells; the nuclei remain unstained. Excellent delineation of 
cellular structure. Bar, 100 Jl.. 
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Figure 2. Strong NADH-diaphorase activity is exhibited by endothelial 
cells of ectatic PWS vessel. Bar, 50/1. 
CVL Upon use of the CVL at energy densities of 8, 10, and 12 
J/cm2 all epidermal cells appeared viable, showing a blue cytoplas-
mic stain. In the dermis underneath, thermal injury was confined to 
blood vessels in the papillary and midreticular dermis: all compo-
nents of the vessel wall were unstained (Figs 6 - 8). Additionally, a 
cuff of perivascular collagen was damaged, being sharply dam.ar-
cated from surrounding viable tissue (Figs 6 and 7). The connective 
tissue between the overlying epidermis and the perivascular ne-
crotic tissue remained viable (Figs 6 and 9) . Hair follicles and se-
baceous and sweat glands were not affected. Often the top outward 
side of vessels, facing the penetrating laser beam, was damaged, 
whereas the lower part remained intact (Figs 9 and 10). Superficial 
vessels of larger diameter (100-180 f1.m) absorbed all incoming 
laser energy (Figs 7 and 8). Smaller vessels (30 - 80 f1.m diameter), 
when stacked, were "traced" by the laser beam and damaged (Figs 6 
and 9). At 8 J/cm2 a residual NADH-diaphorase activity could be 
observed (Fig 6). The threshold fluences for clinical whitening 
ranged from 15-20 J/cm2 in .t~e different PWS (Table II): ~t th~se 
energy densities vessel selectivity ceased: the epidermal IllJUry In-
Figure 3. Argon laser. 81/cm2• J?isarray of cellular formation a~.d elonga-
tion and spindling of basal cells m the center of the mCldent laser beam 
(arrowheads); involved cells show weaker staining than adjacent intact cells. 
Bar, 100/1. 
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Figure 4. Argon laser. 12 1/cm2• Large portion of the epidermis (arrotV1. 
and superficial structures of the dermiS (arrOW/leads) are not stamed, mdlca 
ing loss of cell viability. Bar, 100/1. 
creased starting with morphologic changes of the basal cell layer 
with vertical elongation and spindling of cells and nuclei (Fig 10). 
At energy densities of at least 20 J/cm2 full-thickness necrosis was 
apparent (Fig 11). 
Extent of Thermal Injury (Table III) The depth of vascular 
injury was measured using a standard light microscopy and a cail-
bra ted eyepiece, from the dermo-epidermal junction to the utrno:t 
vertical border between unstained and blue-stained tissue. In addlf 
tion, we measured the size of the damaged vessels and the extent ° 
perivascular collagen damage due to heat conduction from the veS-
sel lumen into the surrounding tissue at vessel selective CVL energY 
densities of 8-12 J/cm2• 
As expected, the depth of injury correlated with increases in puls~ 
duration and energy density with both laser types (Table III). Wl~ 
the CVL the differences in the depth of vascular injury between ( 
10, and 12 J/cm2 were not significant, reaching a maximu~ on 
0.44 mm (range 0.20-0.44). When vessels were situated wlthl 
. . crasis Figure 5. Argon laser. 15 1/cm2• A diffuse arc-shaped coagulatIOn ne r-
lacking NADH-diaphorase activity. The necrotic tissue is sharply dern~o 
cated from surrounding viable tissue. Note superpidermal blister forrnatl 
(b) . Bar, 100/1. 
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Table II. Ranges of Threshold Fluences and Corresponding 
Exposure Times Producing Clinical Whitening in the Different 
PWS Using the CVL and the Argon Laser 
Whitening Threshold 
Laser 
Wavelength Exposure Times Energy Densities 
-
(nm) (ms) (J/cm2) 
Capper vapor 578 94-120 15-20 Argon 488/514 62-94 10-15 
-
these 0.44 mm without underlying vessels, the penetration depth 
extended up to the distal portion of the vessel wall leaving the 
underlying non-vascular structures intact (Fig 7 and 8). In vessels 
Situated at the border of the maximum penetration depth the upper 
bart Was damaged as fa~ do~n as 0.44 mm. Vessel tiss.ue beyond the 
.44-mm border remamed mtact. Smaller vessels bemg located on 
~op of each other were traced by the laser beam and damaged up to 
.44 mm (Fig 6). 
f The extent of the perivascular cuff-like collagen damage ranged 
rom 15 to 35 f.J.m . 
DISCUSSION 
Histochemical NBTC-staining for the determination of cell viabil-[7 after thermal damage to the skin has been established previously 
9,20,25,26]. In these studies, nitroblue tetrazolium chlonde 
:~~~~e 6. CVL, 8 J/cm2. Under the intact epidermis blood vessels (asterisk 
(arrowa;,J ~resenting with damage to their walls and surrounding collagen 
granul ea) s). Note residual NADH-diaphorase activity (fine diformazan 
es . Bar, 100 J1.. 
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Figure 7. CVL, 10 J/cm2 • Two adjacent areas of incident laser beam pro-
duced by the Hexascan characterized by intact epidermis and unstained 
dermal zones (stars). Bar, 100 J1.. 
(NBTC) [2' -di(p-nitrophenyl)-5,5' -diphenyl-3,3' -(3,3' -dimeth-
oxy-4,4' -biphenylene) ditetrazolium chloride] was used, because it 
has yielded the best results for histochemical purposes out of a 
number of tetrazolium derivatives [17]. NADH-diaphorase, respon-
sible for the reduction of NBTC, is bound to mitochondria (inner 
mitochondrial membrane in the intracristae space and outer mito-
chondrial compartment), thus permitting the histochemical demon-
stration and visualization of its intracellular localization by the 
NBTC method [23,24,27 -29]. Using the reduced co-enzyme 
NADH as substrate, the reaction involves a direct transfer of elec-
trons from NADH to the diaphorase, which in turn transfers the 
electrons to NBTC, reducing it to the insoluble blue diformazan 
[23,24]. 
Subtle laser-induced tissue changes, particularly when produced 
with vessel selective wavelengths around 577 nm, are often difficult 
to detect by routine histology. The NBTC method, due to the 
marked color difference between viable and devitalized structures, 
provides a precise and rapid picture of the extent of thermally in-
Figure 8. CVL, 10 J/cm2 . Higher magnification reveals ectatic PWS ves-
sels with damaged walls (unstained), either totally (in the center of the 
incident beam) (a) or partially (b). Note involvement of perivascular con-
nective tissue cells; the overlying epidermis appears viable with moderate 
morphologic changes of basal cell layer. Bar, 100 J1. 
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Figure 9. CVL, 12 J/cm2 • Selective thermal damage to PWS vessels. The 
overlying epidermis and dermal tissue remained viable. The superficially 
located vessel shows damage to its wall and to surrounding collagen (arrows). 
The vessel located beneath exhibits damage to the upper part (arrowheads), 
the lower part remained viable. Bar, 10011. 
duced damage [20,26,30]; it allows identification of laser injury by 
direct demonstration of vessel wall necrosis and extent of perivascu-
lar connective tissue damage. 
The CVL emits yellow light (578 nm) in a sequence of about 
10,000 to 15,000 pulses/second (10-15 kHz) with a pulse duration 
of 15 - 50 ns. Because of this high repetition rate, the CVL is consid-
ered as operating in an essentially continuous mode. Wavelength is 
one parameter that contributes to producing vascular selectivity. 
The 578-nm wavelength matches one of the absorption peaks of 
oxyhemoglobin, the target chromophore, and thus is selectively 
absorbed in blood vessels, provided that the energy is delivered 
briefly enough to confine thermal damage to the vessel wall. In our 
study this vessel-selective effect of the yellow CVL light (578 nm) 
could be demonstrated for energy densities ranging from 8 to 12 
J / cm2 : thermal damage was confined to the vessel wall and the 
surrounding collagen sparing the overlying epidermis and adjacent 
dermal structures. 
Besides the right choice of the wavelength, which ensures the 
selective generation of heat within vessels, the laser exposure dura-
tion largely determines the extent to which heat will remain con-
fined to the target structures during exposure. The pulse width 
should be long enough to allow diffusion of heat from the erythro-
cytes to the vessel wall, because destruction of the vessel wall is 
considered mandatory for a lasting clinical effect [31,32]. The theo-
retical goal of vessel-selective photothermolysis without damage to 
surrounding tissue implies that each vessel size in the same vascular 
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Figure to. CVL, 15 J/cm2• At this flucnce the CVL light is absorbed b1 
competing epidermal melanin causing damage to epidermal cells (losS 0. 
blue stain) (arrowheads). The vessel below (v) shows damage of its upper part, 
the lower part appears viable. Bar, 10011. 
structure required different treatment parameters. However, with a 
median vessel wall thickness of 0.006 to 0.008 mm it almost seelllS 
impossible to confine thermal damage to this thin structure without 
heat conduction and thus damage to adjacent collagen. 
With the CVL in the present study with pulse durations of 50-
74 ms, heat conduction from the erythrocytes was confined to the 
vessel wall and a cuff of perivascular collagen. With increasing pulse 
widths this selective effect changed gradually into a diffuse nons~e­
cific coagulation necrosis. This loss of vessel selectivity with In-
creasing fluences confirms previous suggestions: if the ex~osurf 
duration is long as compared with the time required for diffUSion. 0 
heat to surrounding structures, thermal damage will be extenSI~e 
and nonspecific, regardless of how specifically the laser light IS 
absorbed and heats a target structure [33J. f 
The pulsed dye laser (PDL) acts with single high-energy pulses 0 
short widths (300-450 J1.s), which greatly approximate or are 
shorter than the calculated thermal relaxation times of capi!lar;es 
and small vessels. This is based on the consideration that a p~ s~ 
width less than or equal to the thermal-relaxation time, WhiG 1 
required for the cooling of a target vessel, results in selective vasc]; 
lar thermal damage. Theoretically selectively heated microvess~_ 
cool in milliseconds or less, depending on the size (e.g., 20 ) 
3000 J1.S for a range of vessel diameters between 10 and 40 plll 
[33,11]. In another study, suitable irradiation times for vessel-selec: 
tive damage were advocated in the 1-10 ms range [31]. These a~f 
thors suggest that 1-10 ms are required for the conduction 11 
enough heat from the erythrocytes to the vessel wall, because °lse 
coagulation of the whole wall leads to vessel obliteration. Our p~ d 
widths had to be chosen significantly longer because of limite 
VOL. 99, NO. 2 AUGUST 1992 
Figure 11. CVL, 20 J/cm2 . Diffuse coagulation necrosis of epidermis and 
denUlS with subepithelial blister formation (arrows) . The arc-shaped ne-
crotic area is sharply demarcated from adjacent viable tissue. Bar, 10011. 
energy supply (1.3 W). Therefore one would expect progressively ~ess selective heating of vessels . However, with 50-74 ms pulse 
uratlon the same pattern of vessel-selective damage as that 
tre~lously described for the PDL [10] was maintained: abnormal 
ndtngs were restricted to blood vessels and a cuff of surrounding 
collagen, preserving the overlying epidermis as well as adjacent ~er~al structures. This perivascular damage also has been advo~ated b~Iulsh tinge of the surrounding collagen" [34) .. Pulse widths 
lefer than 50 ms (corresponding to energy densities below 8 J/ 
C1Jl2) produced no detectable tissue effect. The often very subtle 
periv.ascular involvement was easily identified by its lack ofNB!C-
POSitive connective tissue cells, particularly fibroblasts. The penvas-~hlar collagen damage and subsequent fibrosis might co~tri~ute to 
e desired clinical effect, leading to a substantial diminution of 
vessel diameter and prevention of recanalization [35]. With pulse 
Whidths of 120 ms (20 J/cm2) and longer, the CVL produced a full-
t Ickne I . . F ss coagu atlon necrosIs. 
Or both laser types the penetration depth was found to depend on 
pulse length and energy density (Table III), which confirms our 
revlous data concerning the important role the exposure time plays 
~r the ~enetration depth [26] . With fluences of 8 to .12 J/cm2 a 
P netratlon depth of up to 0.44 mm into the dermis could be 
ach d d I ·b· leVe . In this context also the spot size was suggeste to ex 11 It a 
POSitive correlation with the depth of vascular injury [36,37] . By 
'table III. Depth of Vascular Injury (mm) Measured from the 
Dermo-Epidermal Junction as Obtained with the CVL and 
___ Argon Laser 
Pulse Widtll 
( Energy Density 
Depth of Injury 
(mm) 
AL ~ (J/cm2) CVL 
50 ------~~--------------------------
8.0 0.20-0.40 Confined to epidermis ~~ 10.0 0.24-0.36 Confined to epidermis 
120 0.25-0.44 0.18-0.20 94 . 
120 15.0 0.36-0.48 0.54-0.58 
200 20.0 0.52-0.59 0.53-0.60 
------ - 32.0 0.53-0.61 0.54-0.62 
------------------------------------
COPPER VAPOR LASER TISSUE EFFECTS 165 
using a PDL at 577 nm with 360-,us pulses with 1-,3-, and 5-mm 
beam diameter the penetration depth was found to increase from 0.2 
to 0.4 and 0.6 mm, respectively [36] . Our maximum penetration 
depth of 0.44 mm produced by I-mm diameter spot size but with 
50-74 ms pulse width was more than 0.2 mm greater and equal to 
PDL exposure with I-mm and 3-mm spot size, respectively. This 
discrepancy may be largely explained by the predominating influ-
ence of the exposure time on the penetration depth. Recent data 
suggesting that minimal shifts in wavelength, e.g., from 577 nm to 
585 nm, can have over 40% increase in the depth of vascular injury, 
though interesting, remain to be confirmed in larger clinical studies 
[34]. 
The width of the perivascular cuff of damaged collagen ranged 
from 15 to 35,um. The damage inflicted to perivascular collagen 
was proportionally greater in the small vessel than in the larger 
vessels. This quantitative data agrees with previous theoretical mod-
eling, assuming that large vessels absorb more of the incident light 
and heat conducts away more slowly than with the small vessels 
[38]. 
Another aspect that contributes to vessel-selective damage is the 
weaker absorption of yellow light in epidermal melanin compared 
with 488/514 nm argon laser light. No changes of epidermal cell 
viability were observed in our study with the CVL at fluences of 8, 
10, and 12 J/ cm2• For this range of energy densities the ratio of heat 
generation in the blood vessels to heat generation in the epidermis 
was maximal, minimizing damage to the epidermis and heat con-
duction to the underlying dermal structures [31]. However, even at 
578 nm epidermal melanin acts as a competing chromophore and 
the target specifity of yellow light lasers is influenced by variations 
in epidermal pigmentation [39] . Althou~h with .the CVL loss of 
epidermal viability started at 15 J/cm2 , In two bIOpsy speCimens, 
due to substantial melanin pigmentation, morphologic changes of 
the basal cell layer occurred at 10 and 12 J/cm2 • This suggests that, 
as is the case with the argon laser and the PDL, for the CVL the 
patients' skin should be minimally tanned. 
Our findings demonstrate that the primary target of the argon 
laser, when used at 8-12 J/cm2 , is the epidermal chromophore 
melanin (Fig 12) resulting in damage to epidermal cells. With in-
creasing fluences the light very rapidly penetrates into the dermis 
and in addition heat, generated by epidermal absorption, is con-
ducted to the underlying dermis ("iron heater" effect), ensuing in a 
diffuse non-specific coagulation necrosis. This implies for argon 
laser application that melanin always absorbs energy into the epider-
mis and that the epidermis always heats up faster than the blood 
vessels [40]. In contrast, the initial cutaneous target of the CVL, 
when used at energy densities of8 - 12 J/cm2 , is the oxyhemoglobin 
of the intravasal erythrocytes, resulting in selective destruction of 
blood vessels with preservation of the overlying epidermis (Fig 12). 
In the present study no clinical purpuric reactions were observed 
with either types of lasers at any fluence. In a previous study 34 
J/cm2 with a CVL were reported to produce a purpuric reaction and 
the whitening threshold fluence was 67.2J/cm2 [41]. Compared 
with CVL whitening threshold fluences of 15-20 J/cm2 in our 
study (Table II) this difference is most striking. The fact that this 
study was performed on normal albino pig skin probably explains 
these discrepancies. In another study 17 - 25 J / cm2 with the CVL 
were necessary to produce minimal blanching [13]. However, with 
these fluences rather a non-specific effect with subepidermal blister 
formation and degeneration of parts of the papillary and reticular 
dermis was observed. 
The CVL, used with low fluences, approximates some require-
ments for an optimal laser treatment of PWS that should simulta-
neously focus on an increased heat conversion in the capillaries and a 
decreased heat conversion in the pigmented tissue [31]. Although 
our CVL parameters did not match the calculated "ideal" laser 
parameters (585 nm wavelength, 0.1-10.0 ms exposure duration, 
3.0 mm beam diameter), on histology all criteria for a vascular se-
lective effect with preservation of the overlying epidermis and only 
moderate perivascular collagen damage could be documented. 
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ARGON LASER 10-12 J/cm' COPPER VAPOUR LASER 8-15 J/cm ' ~~~~~R L~:i~UR LASER 20 J/cm' 
a 
Figure 12. Targeted cutaneous structures (shading) in relation to the laser system and the actual fluence_ Selective absorption of argon laser light in the 
epidermis (a), selective damage of 578 nm CVL light to dermal vessels and perivascular tissue (b), and non-specific diffuse thermal necrosis with both laser 
systems (c). 
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